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iH$laitffli^> Qfew of th*t* !• th« flAey»Mo|d« llmi of fl%il^ la riaeTToir
rtik t^rmtkmm «ti»ro ^oo aad oiX mm foond mA iMPwdaMd* HiU tliotio 1«
a ofettdlar of Iwi a waU fMOt of ttMi prtblott iMi Hm boon tawdmlttf «l«h
tiM i<lo* tilmt mf wnlc dowi la tMLa aMa will teolp aaawitwiHi to m la*
oraaaXI liMala<ita of «ha aukjaat*
fiia autlior «Ub»« to ackaowiadso tho alnoai* ani iMlptUl aaggaa-
UaWf aiviaa* laii imwMwmaaa» af rroftaoor Holbrt>ok 3* aaflaa%t Raatf of
tho Patfalava WtngXmmHmg £)t|ia i 'lwiiit» (^voraltr of PlUateiigbt la tlM
la •].ao oada to t^ooa aatiiaray Ivfoatigatoray and roaaawteaga
aoilM wr% tttiUaod tw baaltiMWidi and baala of tlia ata^ a&tlMRii
HdaH mMh an aadartakiatf «aal4 ham baaa lapooalUla*
ku
•^t»i*r
it^*^^ i\.W. . AA .»ti'-'.-MMr<^ ^iZ-ii^




and oil, far toMMtti th* m»rUim of Hw oAHh in «v«m of rotk f^NWiUoa
OiOlod r«o«nrolr»« Hiom rMMrvviiro om not, «• It oouaXljr pruuMi bf
tlM tmliif^ffMitt lAng* voiilt flUM «ith gM iDdt flU. «lii«li» vtml toiqM4t
Mr iMl OMiiy pro^MtA* On tiM •wtrftfTf ^>>tr ax* foxtMtioM of ptrtm
•Hi piwwOlo rook oltii M^ iioof«ooiplo« opoa oyioot botoooo tho
gitlM of tho aotvlx «otoil«i in imioh tho gM and oil is owtodi •
iMtor w»A^ Mlwo tlHi proiootiott of ooili otovotf 4pM and oil 41f£Lo«I%
oadf la 0000 ooooOf lopoooiMUi* 1% lo for thlo roooon tliot tho owiploto
•tttdr of *u etflttiot «ii ftofcrtitUUoo of flwU flow 1« porooo ootlo
IMMMM oa iivwtint ftoot ia tl» pfftjaiwtloa of i«t oai olX«
IM poipooo of tl^ oto4f VM to iavootii^ito and attoapt %o
ovoXaato Urn lator-relatioaildpo of aoao of tlw a«jor pHyoioal ptopoHloo
of pM«ao roaarfolr rook tridA af£M% tlio flow of flal>4o thfo«||i it«
Althomh tliaia lator^t^latioaalilpo tiaoa hmm oiyfooood Igr aoforal 4llf»
feroat IbnadLatloROf oontiaaod lator^ aU Itotgaai to oXooi^ato fluid
floof it v«o tlMttulkt tiMt a aoro oaafttl and iafaraatlvo aodifLoatioa
•oald \m lovaiopod and appXlod to ti)o proibloa of eorroIaUfi,£ pogaaaMlityt
foroaltr and gfila oiao of poroao aadia to Aald fioar throat aoali aadla«
8«ili a a%a4^» daatjaad to ravoaX tlio aialiaBlea of aoeroaoapta fUdd fXav
la payaaa aodla« altoald bo aaalliX ia ovaXaatlas ooa^ of tho aangr faotera
aiiiaii inio% aXtlaataXy bo haoaa if a aatlofMtoiy aoXatlon of tho pr«l»laa
la ovar to bo obtalBod* Aaar adiSitiaoal knoaXod.^ of thooo fMiora ahoaXd
oontyibata to a nora aoapXato oadaiataading of tha eoa|(Xoxitioa of gaa
muA aH pfodttctlaa flraa tho raoorvair*
MKIf3^?dSBl!t
.4ft
<^ -:i Mir <^iiMNn
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m him*»i»f Al ijA«Cif M &ii9«)lte ^AiNMt MWli^ «i
fto ti» pfttrolmm «i«laMir« MpMially- otm lat»rMrUdi la rMtrvolr
•nglne^xlo^f ft vtiy ii^iortaiit plifaleaX property of rviNirvolr rtmk Xb
pertiM Illyt trtdiili mb Imi pni|p«f^ a^Hawi •• • oMsart oX* th« .Oaia*-
«vtni«ltUti«£ •IMiAltar or « fwiwa* Mit«rl«I» or «• ttw akiUtir of a fluid
to flow «i thin am iauammm^tm^k p»r« »pao8i of « povwui iMt«il*I. A
Mooad 9liy«iMl pmp«rlr» «^«o •<|ii*i)y iapwrlttttt la povooitgr* In oil «Mt
gM fWi'Wilnit porooitgr n^vMBto tho ponMBttg* of totiU. rook yirilmn
«ldA is avaliabio for imm^jiiMy lir •ither li^iidt tHi' <!> >— or both* In
Mnaoetion with flMi torn psvMdtr* 9«i« wkmnlA b* tlwn to fHoUaguioli
b^tooon oboointo and offaetivo poitMltgr* AbaolAte poroaitgr ia Hw par*
aidita^ of vald apata idtfc raapaot to total voXana. Eff«9etlvo poroaity,
OA Umi oltor baaid^ ia tbo panaawtafa of iataraoaoaatad vald apaoa in tlia
total volitaMi* il third piqfiiaal pvapartr •i naorvoir rook ia aattial
^lain ai&a and ^i«in aiaa liatilbtttiaii of tba aaitcix afttorial ahioh foraia
tba laaarvalr foak*
It baa baan dMeMtFatad bgr axporlaao^ and a^piriaal foiwalaa
that pafaabdlityg affbetivo poroaity^ and ^rtXn aiaa ara intorr«X*tad»
aoa dapaadlng tapaa tha oth«r to Yaiyinc da<Maa* In poxwia taatailol in
abiflli tiM paraa ara Intor-ooiifiootad^ thai« esdato no tloflnlta rolatLoa
bataaao paxwaabllit^ imA affoetlvo poroaitsr. 1b«ao» hevavar* ara iiraotif
inflitonaad bgr grain alaa^ in that ^rain ai«o or partiala aiaa and ita
ottaiidant Itetoro of unlforaity of ^rain 8isa» ohapa of tha (?r«inf aAanar
of grain paaidagf and tba aaoont of oanantittfi aatailal batwaan tha gxalaa
(^agvaa of HthifioatioB) datorndna tha aiao and ahapo of thm pora apa»»
i«fi0 tba axtant of iatoraorjtootloiia of tha para apaoaa» and tha ratio
•f thair yalaaw to taio total ¥aXnaa atf tha rook*
flu; Mun i^innmsfi lo v
Mfidt £ **.? ti.
yu \m%ii\^.
be
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,^9m iMk» A« ifiw.
ZWRMUgfttiaM ' ''^^ * littwi ittlU«l«tf that m^umX ^ndn •!«•
of vnrioaa paraim xwii** la mmAsi of th» Utmmfttrty 7*ii«tloiMi ^f
pcYattMWr 9ui ptiMllr liilhUi iii^fl<liMa furwiiy tmm hmm Hvad te
b» i«tcr-r«UI«4 %» • iitm ami hmm %mm mmm W futlfei^ Sa tiMi eM«
of til* ftroiflMrd HiLvdl m»4 of tho SfOdfMrd flol4 of ^OHnii]riv«ai« to hxw
tiMM inloltf IMMIiI JiNi
olMTO ft i* llw jpofMifetJUltir «ii ^ 1« «te ptMTOiily* Iho flrot foimU «••
HmmwTg thooo rtl^tiwuMpi «ro MWPiit OBi 4o not appigr in sont amii or
tlifoiitfmii mo iuiniltto yoo»tbl<i swiso of 90V«mI»3U^ and povool^* Hoi«
ofila gfoln oitOi vlth ito ottOfKlant fRoto^ra^ airootiljr ofiy»ota thooo
ro3jit4gMahip>#
Xa artrli^ datoMAaotlonf of tHo imIqoo of poraoibtHlyy offWotivo
pofoallir oAdi g;vala olso diaawtor» tho Ami tao at* two iroff ooallsr oai
off^iatLval^ eartlotf oa% ^ aooat of «la{kll£lodit otoaiMptfloid aothodlo ohion
^fo tuirlj ataarota taouXta* In the eaao ^f avava^ jsrala alaa iianotarff
tbla ^iandaatloa ^gaaaot oaag^JLioatait ^ tba parUoIo itoolf» in tliat tbo
partia^jt la aaoaUy Irrogtiiar ia aiao mi »i)i^t and no lineaw aottiodi art
avaliatolo for (fofliiln4 aaoti a partlola la ^aemtflo tonno* IMa i^roiilaa
toaaaaia sioro aaaplieatad and fof«l<li^b]a In tho oaaa of aa a^^grogalia of lr»
iagalar {iartlaiaa» bat liaa baae aaeaaasfuUjr solvoa \xy tho aao of otatiati-
aal aotiiO(te f»r ovalaaUae aurfaea axa« and n^oXaaa of tha a^iffa^atoa*







Hi fMt^ii «u '»!»
•Mil aolhods mxm hmtmd mt Hm mmsmxpm&a% of t\m »9<^«IlAd atimrm^ fraln
«li«Ml«r )}gr mUUflig til* irrtjgttXAr partlftXtt te mi •^viXwit ^||SoMit?l«
Hgurv 911011 Ml A Glrel* &r « tplMirt fiwi lAdi^ « dlMMtAr e«a \m eil.Md«tMl«
lb«»« Mithods di^MnilM MtrfMw »r»ft and yaImm frwi Urn mmlomr Mid
vvl'ilil ttl* i^ p«rtl«lMit ttsliiis •• • btsls tlw tteoiy of tiaMMilMyi nhioli
m^vwi lliat taw MirAMMi avMi bt proportlooftl to tli« MtuAr*^ «id tlM
iwImm %• pnpmiUmtX to tho ««bo of tkm ^SUmmitim «m4U
For tlM 4»tMMiAftti«M of iwrtiolo olMi to hmm pliyviool tlgnlfl*
>9 tiuit it» to roXoto porlMil* idwi to ^Halto plqn^ool propoHioi
M mxetmrn or volwMt ^>m *iltlM»ti« or ^oMttxio momi maA t^ i»<I1mi
dttJMttor 4«tofirf^Mtl«M w« tiiyowdo a W ototlotiool "tLomtoin, SoyimmH
Hmmim imm hmm iif(il<i»t< mA mmmI^ to <lool|^ti tiiooo ototlstiooX
jtMMttf 1b tovM of vovloM yHfoiooI pir^fmrtitm mutk m aoMi 4iiMit»r
(iMi<th)« MOOB f«UMi 4liM0tttrg MMtt muttmm M.&m\mTp «mui iwiImbo ourfat
t%mmimr$ ondl woigltt aoMt 41 laoton fiw ovon^ ^mlii ^oaotofs «aod la
tids ota^r •«* i»*B voiiwi iioHit^ri, bMioA on tho «*•!««• voImmi Midi dt»
^•WM^^W ^Wl^ O^^F ^^PO^W^P ^fHHnHiMV^PVw ^WMiW^^^^f »^^IW^^^MO **^fc MAm^^^A I^OO^W^ OTWiP v^p^^^OV^ VWROmVMI^Sf ^^^^^HHMv
i&vt Hi* mmmmr of portioXoo« I f d lo tlio ovora^ portiolo «ll«Mtor md
f io tho totol iNiyUMOy o roIotioBiiiip osiot« Ml
ittoro B lo tlMi MMibMr of yortloloo of o (Iwmi sis«# Xf tS^^ rtprooonto tiM
^1— of oa «oorogo portloXoy tmA ^n lo tho totol Murtwr of porHolM
j^M> 'ig>^«wit^ gjia^rjum «^^<id9'« m^ ty «ft£!ii3^iif-i^i, ic - -
3. 3i .* -^ '«»•
XX* munm&ki um^mmm
Xa(WMtl£»tioii of Vtm them qS flaXim throu.;^ peroiMi «ftt«fial at Xov
pgrnma^m mm lflLti«t«d bar '«regr^ in 1556* "dim— •todies e«Bsl«t«d of *
aerlos of oxperliiMiio on tho flow of utttor thrmii^ filter bod* froa «hi«b
«r«3r obtAlMkd an wpirLeol fiomnlA ohoidnti tho mtt of flow to bo voiy
ao*r]j proportional to tho yro—
u
ro drop p«r unit Xon^th of pofWM aodl«ii«
In ito oXoawtttory fom, thlo foi««iXo»
imioftlM tiMt tbo fXuli porooJOjlUtT-f K^ of a porE>«a iMtorlaX pn>poi-tiof»»
ataJjr rolatoa tho val^oltiry , of flow of a fhski of ^ vlsooaity to tlio
pvaooaro dLffOnmU^* ^ Pt ooiMlag Udo IXoo «v»r a lon«^tb of /^ I*. Slaot
A P la aaaaarod boftooa Um otttXloo and laOaaf onda^ it la aa^atLvo as in-
dioatad in tho fanaila abe«»«
Iho proportionalitgr oofistaat K la ooi»idot«d to bo a spoolfte
pivpoiiv of ttw porous aatorlAly oofdrieaUjr lAlopoRiont of tha dlwuaalona
of tiM aatarlAlt Xm pnHMRuna dlfforonaal oxurtod on tho fluid fIo«riii^^
and tho viaoositBr of tte Hs^^U fvt Hiio raa»on» X tomr )>• oiq^rMHMd in
lofM of otlkor wMMMtnAOo pharoieal pzvportioo of tho porous aatonal, auoi^
as porosity aaid «f«ln sdao* Since tho f{»n»ilJition of t^ngr's oqMOtloii sai
Ifewa it^ his iav« awngr invootlgotors sad lasaan^rs havo attaM|»tod to sNw
ralatiOBShipB of psanosl^i po»ssto1 Xity» and groin slaa*
!• lASDy Soolhoiai^^ first IntjpdMMMl gi«in sisa i«to tho ralAtlo»-
iMbp fecr •feMH&HS tliat tho rato of doo nas proportional to tho sqpiaro of
tho avora^ «2rain diaiaator* tliis inoid iadioato a doorsaas in poraaabllltar











Hm imxi IsmMti^tor to titiUi« ^min wXm In flow ralntioBihip
•tttd^mi of sand fLlt^iiVf
flXtor por <ialtf"d«pth* aod d^ 1« tiMi "ofHtoUvw" dliMwtor of mmI p«i*tl«lM
bAvliti anlforMitr oeof^oloiita of !•»« tbaii 5« "KffoeUvo* ^iwiii irt.a« !•
<1ollfMtl as ttio ii>tiitliitf fihiflfti wlJLI Just pfkM ton i^r oont of tho ^rliolMi
(^ «il<|it) oikS ttnifoniltar ooofflolotit i« ^oflood •• tho ratio of tho slw
oinirtntt lihith «1U poM 60 por oont of « nfflfilo bda,^ oonmodi^ le ttm
•is* uhloh irUJi jvmt ptmm 10 por ooni* Kfaon ttio »alfi»Ml1|r «o»fdidoot ia
XoVf •• 5 or iUiM MNitloMOil obowOf tlM pikfti^leo art n^iv or Xooo onlfom
1b sia^y bat sm Urn naifonittar oooffloiont inorotiMS tm IdflMr ytlaoti IfeNi
portleio tlMO bMOMi widolj tlotrlbatod*
la taoln^ liiMoaU oqaotlont if (| it dxprtoiotf in oyMlo llMit of
«tt%»r por ctigr por •quovv f\»ot of flltor ttroa, ^ la «lXXlatt4iro» tho loM
of boadf h» in l^t of nvtor^ «oA L In tmm%^ tlion tlio v«Iai»o of K^ roa^
fmo 1300 to ^bovo liOOO ^mpmOim on tho ehttmOlnmm of ^lo s«is<l» vitli
Hm oMaX Uadto of it.,, for ordiauy ooacSo roa^lo^ bot«»oa 2300 wad 3XX)«
WiiaB*a oqootioii ham boon «l<ialar aioapfd aaA atlllMd ^ aonltoiy oagiaoMPt
•Ad lo of ooBildortbXo l)l«tonool latoraot oliwo It mprmmn^B ttm flrot
attOMpt to rOM^flloo tho imporUsatm at p&rtloXo (kLso one) a aothod for Ita
•atlof)Mtefar rapvaattttatioR* ilavla &bA Wlls^ rotaisto^ Haaaa'o fonuXa
altli tho folXovlas roanXtat
%9 2W i%« |J^j(feA)
2 ,iA../» J^^j(H/w)
iriwro T i» tho ta!8^r«taro of tha aator in daj^roaa yihi'Oil'iol t» d^ Is tha
».« .'ikdiAJi.'' ld.Tt xM-'tii^ !,{ < ^VMR--
r/








; tA*K IMf * ftivf*
.">s,n^jf
miA lift l)Mt#«tr « jTittt «(,
St
•i jgh «J 4 to fwfcr
MMta tlMi ill «Lxil«it«jni Uutmai^ iMtUli ^% JU p«r «tiit 0f ihm paFtl«U«
(by v^.i;ht} p«Mi» «iid ^ la th« per»ilt;r latro'l—
d
Into ih» Meoost fojnMla*
SUohtitr^^ la Uff, pvSbXlaimd t^ «eoo«ttt4i of his tii*or«»tle«l
«ii«lfsl» af tliild fJUw ttuFwigh an iJ««JL boum^wannB pMklag ««pp«Md of
•plwrM of vtAtvm «ia« in «hieh ho was tho flrot to intx^daoo f3tm offsot
pmielug ttM iWi» |»^« of«o in t»wm of taio ^tutor of Hw ogijuffi^
Slielitor dofivod o aodlflod l^olooalJULo roiolloaildp la hlo o^oofloA
iriMro q la oaq;»roo«od in oe of votmr pmr mmaaAp A is tho ero«9«ni«etlott«I
«ro« of tho pookifii In o^uort oontlaotorOf h io tho px^ooottro <itiff^rontiol
in oontlwotors of ««Ur» <l lo tho ilOMitor of tlio wgltmmw la OMUaotenif
X, io n pi^irll^ <w—li«a» ^hipon^iont. on |M»re«itgr» 'a li ttio vloooiilr 9t tho
fluid fLoola^ in polMOp and i« io ^lo tlii Hiin «laa,s tiM diroetlon of
floo la ooatlnitoyo* Xa tofMO of r^«roar*o porooBblMty^ 8li«hioF*a fonnin
wotiXd rood
ii s 10.24^A^
f^ vMioM po^ldii^g tabaliiU«»o bow toooa fiodi of tho dlfforoat vnliioo
of tho potfdLi^ oonotont %^ ohoon oo « funotlon of povooltgr for porouo
•otoriol p««iiod «lth ophos^M of ^^quol iilwaotor*
^ovlo onEi lilotor (iovoiopod a foivnXa
for ttoo la tho doioralaotioii of tho volooo of Kg «43om $^ io tho porooit^*
Xiag' rteo^sod tho inportaaoo of @li«htor*o fortaala by oolaa it to eol-
ooloto tho ovoros^ dlioBMitor of Irro^Xar portieloo* It Is iiq>ortoat to
aoto hoio that tho avomfO 4loiaator of Irrft^ttlar partloloa aotomHiiid la
tido iiaRQor is tho Uaooter of tho partleX^o otteh that if all of th«« ooro






of tida ^«Mter« tiw pijUliife wml^ trnm Urn mm p»nNMtol.li^ «• it
for Urn oXtUMit* in p»rwnb& ll<y0 p»rMKllv» aiMl ipmin slM if«l»»
UootldiMit It rtiirtmHi Dsr t iiitHy» in X^« ta d0v«l«$» tni yibiUli hit
l<yrtii't •a|iirieal jponailji
tUMHH in « foiii fiMt«r dhuiMdmt m Hw ilw^ of th« pvinM^ |^ is p«r»nlty»
g 1« tli» —
o
taimtio •oMitJiiit^ /^ f' i« tilt jMPMMMNi ^f|t»r«iiiiaJL la gnw*
9Mr tqm>f otwtttt»r» a la tfat vlMoiilQr of tho fUid IUp«i»fi la polooo*
ft !• tho i^po«lll« our^MO or»a in o^ittojw contisioton p9r oablo eor^tlootori
Jb io tlii IMifciwii of Hm pifiii aMtw i« oonllaot«rs, i^ lo tte Iob^mp
poth of fLev Itt otBllMfl^Nl «IM«# Hw lirtrtwn it* and lA^ la a i-o^kio*
Uon r<iotor for tbo r»ajt«UMMhip ^^ f/l« S^aat • « SqCI • ^ tlM i^v»
Odoatlaa oaa ba raofiUon 1« tovw of 8^9 vlilali l« tlio apoolfU aorDMMi
oraa por tadt val«wi of Matrix laatorial^ on t *•
9tmmf Uiot Soaovqr ImmI dtorvaUpad tlio af^roMntioBOd ralol&owiDlf
t
Mir mA Wttghi^ In 1933* ^wwalopod an aluoati^aftllaal farwlA ^ foUeio*
lag a Una of roaaonliia; ala^lar to ttiat pummi Iqr Xoiiwr* ^^ift a«a«l&«i
It oaa ba aoaa that tlio iiaetora <C*lA^) la Um laaaay pupation hova
iMoa r^iaoodl tgr IIm ooaataat 5f bollovod by Fair aad Hataii to •splj to
aenaaif ratliar oaopaot* unaonaoildataA poroaa aatorlaX*
Covaaa^*^ in I937> praaantod an laprowod 'iarlvotiaa of tho
Kooanr Md ^f^f •odl Hauik oqinatioaa* ^^alai^ «a « l>«als tha tanttal o«|iift<»
tloa for Cloo thtoai^ pipoa









liirdr»xU« wmiUmg dftHatd m Ita* twilwat of Aitlcl in th* pip* p«r «irfiM»
area in MSlttti lAtli tto JIuid« A F !• th« pmnwf atfl^nrntlBlf k^ 1« a
ii pt ilMtor mA IM Um ttXprmttCL of K«MMr*» ^ora l»i«tor C^ it is tl»
rUmmULtf &t %ltm UsHkd flUmiJiSt Mi l^ i« tiw Um^ of fl«» p«llit Cmmr
M% ali«vi to Mb«ll%at* «r «xilf^ %Im «|ii«tloii AMtois m tlM* Um •< » ' "
•tiliiltd v/^t XftiM* %• ttottlQr it ir liM v9laMmmM9 i^L ftir How twir
tb* ll«« p«ilti« J^« i;i««i»r thto ill* 1« AjmnmIoo of Urn a»41aa» Umi Im
la • ••fl'iHi of •vpotiMttUi iiol^ A iMy «14» vm§B of poriiolo
1ft lUMionMiidatod Modla^ (::«r«Mi Owl ttot tiw pt^tmmHr iC*L/i,^Y^
•f iMtcQr<« •(iiatltfB MKi Urn yirwwfr I^^Cl A)* of hi* oqiioilm %olii
o
OTonmod ikoot SU Xtt tlM •KtiXiod ^.oi^iy^-Ciki^tii oqpMtiofi t^ooo pvmmii^rw
MPt oaipnMOOd «• ky vltli an •A^XgrnA vXim of 5» tfeMMB lor
li^rllio» in hUi 9i9»r on tlw liUtofloail ilifljiwwt of tUt
«|ootloBt ^9mmmB Um mtm mamt 4ttofiilwiti«M ly in*
fodtl^otoy of milino iiVMtar than 5 for tho KoowoH^arnan iaiHiiil It
«liMi tlio jftwiMla IMM booa aaotf la awai—11 mi ilth watani^wwiif of fU»
thUMiih tflMoU^attd oodia* 3looa tixa k^ alMiw DMtor of tlio Kmmkf Otamm
o
OQuatloB has boan teid bgr aoat iiivoati«ator« to bo eofwiantt tkm hl^^iar
valooo of k bava boas attxibatod to tlM (1^1*)^ faotMr liiloli iaao mA
(ff ^mflt muit %*
JSi.-
.-.<£/7i«,^





eXs i'rttr-.'- "^.j m.£m*7 ^-ta T"'«»V
i«>




^^^^^ ^fHp» flIWW jHSWB^^^*
^ Ii(-.*i» ••4* . fwfm**'
'1«««QI» f^l«
^t:} 'Jf. .3^^{:'.-.n;".5.V**' '.:ci ..»•»'*•,
^
^
.fci». M«x 4b2«ip«a^ ,..__, ,„.. ,^ .^twri«iit#*
ymi
10
wm Aftte bQT '^«M antf &fuo« far tb* ihbIu* 9f k tor rmximm •ons0li4«^«di
«»4i« of Xem pmmtMMU.^ i^iv vaIum wmm ^MmktmA m hi.# •• X00«
OIlHif* tiMiiir with 8«M «nA BffWMt aU izvliaatl%' tki^ tlM» tawtiMt fiBV
•ttuioXi4«t«<i iMidi* vftflM %o hlilMHP vml»«i awl tlMA »§•• klflMr yalim
MP* «ttiltet«toft« to ttm tArteodtr ftmotion*
1b*m hM bttn •«• di,—griiiwt «lth Um aunxfi sf IneiwMdLiii
B« e« Kmv^ b«U««M iAi«t •nvMi ftri«i«i f)iPMi tlM «•• of 5 •• a ^mXxm tw
tiMi >i4Mti«i «1U bo tiKT l0m ^IMB thooo arioiag ItMi wiinrUlnUoo In
otiitff mfialdLMi oap—lolly tiM ponMilr AMMUMit oi^wiiMit mi ft^/U * if)
%m Ifet EMOiy rifiiiw o^iotiOA* M hm t0mm$ Br |4«tUttg roloUvo
roiiiittMMi vtvMO por OiiiB poreoitaff tlMt at poroalUoo ioatr tiMi ^ par
OMt Umhrb mm iiiBwmibI iimljr airjrai«ot vaioa* of rolatlini roaiatonMi to
floo for vaiiotio ofottam oldili all eontola a porosity finotion of ooat
IS
oort« '«JLIa?aUo^ has i^ooB a tlalittr plot of roUtlvo perooalMLUtgr wrmm
par oo«t popooltgr for oo^raX tUffafont imootigaton* ftMPMiaay aU oon*
taljiiac ft porooity ftanotloii* tldo aloo Itnllootod that «t porooiiloa Immt
ttMMi liO por oont tiko porooity fUsetioa <lioo* not rowalo o«>s9taRt« It hao
not boon pooolblo to toot tbo poroilty Anotiott fi/iX • 0) la onoaU<tato<
«Nio booaaoo it lo not roadLly poooibio to vaiy poroUfy oaA Boop tiio
•poolfio oarfaoo aroa e;N)«taikt«
A rtait aoilfleatton bao Boob aoflo la tho loaony Bfoatloct ty
%iUo loid Bpan^^lor^ i^io bairo oMwIiAnod Bio Koaony oqaatioe with proportloo
of tho oapiilaiy prooooro dooatmmtlon camo to obtain tho fomal*
ilMni I lo tho p»flB0BbUlty eoofllelontt y la tho IntorfBolal tonolong F
u.i
»ut .' •:«





•9«i<i!fcf s«»Jkf ?*«e'A<> 4'
^ii^KT';*' $i/*J- lit
*''t (^«Si(ll fofH X
im im&s 94 mMim
-fltitJit't .'^'* «*"?,' ("^-^
uMil for wmf tmmtrmtm and lumttiX x«]AU«nMdp fomtifttiflwi Ibr l!l«id
£UMI ^hf lHI^ MKPfMI WttttA*
u
fl»r Umi pnnxii 9f ••rtyiass out ttil* •laid^» <Sal* of •i^MOliMotaX
fi»r p«rio«ilr obA vmtm0i ^raJLn tlwit «»f» ••^••tAd ffmt F^tlte**^^
••iplMi #»l>ltd ItMi iNuriwMi mmUom of 111* fUld at i»ii>liwi mptii in
tt# ftmitmei Wm MmU Hm Bttttfltprd thirt Mud !• «a iiolliwt rtfuw
•M lov fwwwtbi 11ty Mni jj^MMiitr Mid 4|iiito Hat ^nda !•• villi imgilw
ikip* mA 9im msm:if0tLm m4 • —dUrtt «• IA# mmsi of U«idfUMill«iik
Ham pgmAXml3^ «U oil iM §•• wtwrwilw mm itaitidl ia 11 iittt
Mtk fomMrt&imi^ « mpvoooatftti^i WKiiia* of WAm lypo of pmwmi a*dliMi
Wm «HMMM ftNT ffpUaatlM to «I4» tt*^*
A« o tifm% iffivMli «9 tlw jiWfclii • ktm&VL&AXm wm Mdt df
0diSMMH^* ponMriitflT dnd jinlM sIm nUyOiioMtfiiM idMM Mpliod %o w
_^ ^^ ^ ti
dRMi tiMi l^ootdXio •^sMtlott of flow thrwi# y&ptt* Hilo «|»aiiott
irtioro J}^ lo Um of0Mlli« pM« dioaotor la —ntiitof » q la tho rata of
sum la aufaia aoatiaotata por aaaondg a, lo tSia viaaoaltar 9t tlia flalcl
? oiatl—1 ofaa la aqaaia o«Dttiaotar*» ^ lo Hm poroaltgrf and i^ P !•
^tm i^iaaotua difiaiaatial la #aao por tqaoia ooatlaotar* Xt oan bo
laidilir oomi laat tlia Anotiaa %j)lji^^ f of thio oqaXida «ill ^ o^iulvaloat
It
' *•;: :. i,. . *
;>.;•..' 0«-i.'i
-HCAtfaijvnJ fliiifv 9^i» aiK"
13
n^ « 5.6iy X lo'^dc/ift* <t)
Mfolttd IkMi Hw iji^imtitii of «tM portrtilKy Md pevMllgr dot* tl—t<i<
for tidf elMdlf to tipaHon (2) abtvot •okvim for !)^, tlM offiMtivi
ftpo diaaolor 1« rii#ily — fIfWt of 1l» •«»«§§ ii«ia itj—lUn n«n« 1^
t|yti!lw 11^ ohoM o plot wdo IMM VBm 4o%« la fWKlo X of «lt tho ovoamgo
(SnlB <titiwtort voffUMi 3 » Uw ofi'OoUw OKFOiii port flJattOFt mool'tAt
la o otrHifMi) Um #>oot olopo* iMiii fipwnl» tte io<to of ^q> lo
llprilimoV !$• Ibo volito of thU mtlo lo •oMldoMWijr giootor tiMA
tl» OM of 5* (l/$(t « %)• pminood W liiMla^* 11^ obouU bo oiploiiiodt
boro llM* oAlor Hw fOMOLto of Urn oolool>tlww oolnc »M^tlMi*o 193ii aolo
ooro 0004 In pXottfag flgoio X* Qm noolio of tho oolo^Alotioao aolag
Ao o oooMdi pprtaoh %o tlio pmMbm, m iovMHUiOlloA voo aMo of
poi«MMUi1r« pofooltQr oBd £i«la olio foXoUomldpo oImi oppliod to o
fiaiMi]Lfttlon dofivod bf oqoolljiif tiio gpoonf' ranwu ond tHo t^on^r oi^aotloao*
WU mmmi olndlr «oo «odo oa tho imdo of tho opoolfLo oorfiioo otoo^
S^t of p9vmm Boitlwi por unit fo&Mo of aotrlx ootorlol* Sr toldag tka
baolo coooivCofam oqaotAoB oolot^ for S^^ mm obtolaot


















It 9m\m Msrnn tli«t i« m^/m^em (3) on tfa* prvmM&ag pt^m th* fteeUoa
(AA P/^ii*)*^ la etiulvaXfttit to Hi* K of mrQr*« «qpeitlen when tJM tuilts of
)4 Mud A 1' mm otu«^:£*d ffQ« |Nii««i to «»iiUi)«i»e« and fk«« i^rwMi p«r
MliiMNi ctntla»t«r to atao«|«MrM r«iS|p«etilv»lgr« flaiSy K • qlXXJ^^L/
•^KAtloii (3) «£liruit
MLaot th» Moal«f«ilaB coiistaiit» $» !• 960 otntiMitofV par n^ad m^aa-vA,
•taiitloii (ii) idMivt ottn nam ^ rMoXvad m
8^ • kSai* r^T*
^'^^''"^* CS)
itaMU is tiMi •^MtliM «a«<l In this Mtottdl ai»pFM«fa to Iko proKloia wKSor
•tnd^*
Tt^Oo II » AT^pondix I^ iMUl boon iirtportd to ohonr oalcmlatLoiio z«*
•ttltlttjfi tvom tlM opplioatlMi to oiittoUoB ($) tdMf of tho poniofltbliltr
mA pofooilgr 4*t* aolootod i^r thio otodlf• 1 1 boo boon ohoon laor Hor1o»
thot s^ s ZgAy^i tior IrmctOur partLeloo nhoro <^j|Av lo tte rotle of tlio
oiurfooo to volnoo fiotoro tad 4 it tho ovon^o b^vin rSioaotor. la Udo
rotiOf Z^ « S/4 » nhoro 8 is tho oorftet omo ind (!^ lo tlio otoUoUooX
portlolo (Hmmtmr boood on wafaoo oi^Of o»d S^ « ^/d^\ «boiro ? lo Umi
foioiii «ad 4^ io tbo stotistleaX partlolo dloootor boood on ynlwm* ftm
»U. ^;,Av »~ b.«> i»«io*«t<t tr ndr •»! H.M>' to b. . .^m ».»>•
of ^ortieXo »hopo aaA boo boon ^.wi « voioo of 6.0 Ibr tphoroOf 6*1 fbr
MWMM |>«i*tlol«Of 6*li for worn p«rtloloo« 7*0 fbr oHarp piirtiQiaOy «eMl
7*7 for ofij^alikr pi&rtioXoo* Flguro 2» Appoadlx lip shovs • pXot nodo of
\m •>
fi\










Urn yXwm la nUUi 12 oX $^ W9rmx9 i/d uhl^ rou^Oy fom ttnd^t UnM
vitli « ttlop* •! 143 Ibr Um I Mtag fi>itte*» I9J4 iai* and a clop* ^f $9
fsor Ua» 2 ualiiiE MttlM^s 193d ttii> Ite sloptt MonaAllr i^uMld ripwtni
ta« mLa»« of 1km mtia Z^ «lil«l» ii« oiwtwr» lutwii 6*0 «mI 7«7»
A« • tblrd pprowti to th» problMi, an lfli«»«tl«»Uoa «•• miOm of
ptwwbllltyi pgwoaily aad gniii •!»• «il>i1 oiwtityi iriMi ifplla^ to •
fofwOatloii i«iliF«d lir •QdMUac tlM KMMgH2«i«in tftS tli« nanqr oqiMitloMf
M pswlotttly sMiliOMidf «HWp>i tliat tht f^HPMttlfttiMi «•• Miilllad for ttai
lUM of mmrm^ jsmdn olso In li«a of opooiflo wartmm «ff<M« MUm» S, !•
propordoMa to l/d^ S^ Ms te mpii—di bgr 1/4 Ui •ftoM.w (4) i^ov*.
%•!« la aiao a aav ooaataat, kS iwtwimxt into tlia a<|aalian ahlah !•
•qM>'valaiit to Um lUastloii l/U^/t^ S «tori 5 la tha Ko«aiqHCMnMii
•taot and 2;^^ la tlio ratio of tha aurfaaa to rolwm faotora. tha
atiltLoi a<|u«tloa la aqpraaaad aai
7*
(1 - rt*9«673 I MTt;
9r attbatlttttlad 960 oaHliaatara par vntmi aquaMd flar g lai wpuitiaR W
and rairrmglBi to aolva fbr k*^ tho aqa«tloa oan mm ba eiepraaaad m*
kf . K (1 ^ ^* (7)
HMya nit Aj^pandlx I^ iwa httm piaparad firiA oalaiilatlaaa aavlt«4
Ir applylAii tiia data uaad ia thla atttd^f to tila <Mtora of aquation (7)t
MMOar, x/d' and U013 X m^f^/il - lll)^* Usa valaaa of tNMM faetom «ara
plattad aa K/d^ voraua 1*013 X isfiffi/{l « ^)^9 shown by li^ora 3»
AppandU II» to ba a atnii^ Uaa «ltb a alopa of 0*0001(051 la tka aaaa
of Hot 1 iMiag Fittka*a I93k data and a Ottrta altb a variabla alopa of
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-m Hmt^
%9* bmrnnmitv «t /»k£tiai^» imtstsm
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tmkiiomi v«Xtt« In tM qmm at lim 2 tudli^ ntfttkn's i9>d data* iAiw 2
•ottld not iNi •x|»r«aMd «• * »tral«^t Xlat bqf r^lottlag on 9««l-lOi| or
li»ij:*l«i <i«ili fiipar* tbs cl^w of liiM X of npum 3 i« chuuaI to t^
eonotoai k* of oquotloa (7) ob tiii pro»odln< pft^t*
A* prtvioviljr otaiodt k* 1« o(|ydvoloiit to tho lunotloii X/(2gA^)^5*
lAHag tho voliio of tho oIoim dotomiiiod for Ubo I of ^^soro 5 for kS tho
voluo of Z^/Z^ m obtAlnod froa tbo n»lAUoii i^\ m (XA*5)^ Is ky*$.
ffomtUjr* valaM for 2^A^ !!• liitowiu 6«0 Mid 7*7 «• prevleaoly •oatloaod*
In tho too prowxHng lnvootlefttlonsi tho p»re«lty l^motlon*
fi/{l * ^ 9 oltiioiiili it fwloo olth tho voltto of porooltgr^ io ooM^^ofod
o oomtant liotor la thot it ivtoiai tiao o««i fU»d rolotLoiMMi^ rosovEl»
Vmm of tho aottroo of dhito* ^i»* « fborth iiiproo^h to tho prOhl«% an itt*
«ooti^*tloo wm aodo of tho poroooht Uty» porooltr Midi gvola olso rolotioaf
tloa AO o vosii^hlo^ ilapMiiMit opMi tho ooaroo of doto» with tho powwo
hlUtr MiA ends viM boii^ ooaotoat foetoro rogordaoM of tto oo«roo of
partleoXar rooorvoir IbnMtioa or ovtn o portiooXar oootioB of Urn
fOBorvoir fomotioo*
to dBViUt this f»nmIatloii« «li» hOBio fiiwy fiwiBi B«Milii« bbb
It to ixieXttdo portlolB 'iiOMotor^ gitriagt
ttidtB ho¥« boon protionoly doflaod* SoX^dn^ for tho imnoBitr Itattion
""
" a'-ioi




'«.* .1rt^?« tS'i t VJ»
(8^ A 9 P
^i»cn.»i^ mi; t*^ :{ mm-'
IT
•laM ttMi Aiaetloa ^li^AA ?» «li«n •xprtSMd in t«3i«i of the «r«gr •fiuAtlaa^
It tqiMl to tim p^rmMbllXi^ c&nttl^tmt K of ^ftror** •tfufttloiiy •ttbtHta-
Uon of %^n t lisrh for <|^i.Ai^P eon bo Miilo la oqufiUoii (?) !%•«• ^viag
AMMdA^ Ukat tlM •cMMitatfit k* would bo roflootod In • rooaaUng of tiMi
porotltir IVmetlony o aw oxprosaion of this fytaoUon mm te MiMUtiitid
for k*#^/(X * ^)^ la oquaUoa (iO) obova glviag
(^)* at/ i.ca3 X xoV (U)
or^ l9Qr roarroajtowiBtf
i: « 1.013 X 10® 1^ (^)° (12)
aliora a lo a ooatttont a^iplloobla cmLy to • partlaalar foraotloa or oooUoa
of a feraatioBf or a |»oroat imHwit
Utelo I'lTy ippoadlx Jf hm booa pr»par»fl fvtsa ealoolatiaao florliiad
twm ^Mi i^pUaotLott of fattlBo'o 19)U lau to fStm tttmtium of aqpiomoa
(12) obova, n^aro 4» »g|>oa<lla XX| 1« « lo^-lori: plot of tiiooo tmrnHMm^
ll/dl'A*013 1 10? vofaao 4$ «Sd«h farao o otralrht lino alth o alopo of S,
•laoa
log
ttMa a a d» th» al^po af tte oirai^ht llao*
ftif5 lo ^fi-*"*^ "*'"*»" - i'^^i' f>^-^-l>«'^i^f": t -,• - «!- >.
,«n.fi. J. . "ii- Cr^l.: ,^: , « fi Mllr
V* UHMmUMl MB mWKffBBBLQm Of ISB9LS
Bsfox* titHoniiing tht m«tau» it tbmXA IM i>oliit«<l mit hmm that
tlw iraXtMW ftf poi^OMltBr data oMitf 1b thla 9imif r^rMtilt «b«oX«lMl
porooit^* Hvmvrf Fk»ttk» Iumi •howi tlwt la « wij^rltgr of o«a— tkm
p^rosi^ in %h« Br»dfori third •amS is tet « awttar of 0«i por ««al
cvtn^. tlior* AT* « llanr i»o3^«t«4 eauM« of o dtoTiAtloii oU^tijr 4J:rMiUr
tlMA 0*1 por mmt up to ilMmt 1*0 por ooat* for pttrpmi of thlo ntaOff
tlM valiwt of offootif* p9TQ9ittr «ox« oowMod to b« tiM MM «• llioM for
Mooittto porooitgr* 1M.« f!Mt oon osploiii mm of ttio oXi^t doviotloiii
of tlso podnto ttood to plot tiM v«xlQt£i liiMMi 011(3 ourvoo ohofiiii )i^ Hi^aroo
I« l« I OBtf ii« OVmr 4onrloUoat of tho point* •« ^oot bo lapiofni b^
tibo foot th»t ot tho tUio tiio doto ooro j^OMxiotod^ tho oo<mr«0]r of tlMi
dotoFadnotloM of voIom l\»r poiwooMillgrf porooitr ORd grolB oioo «•• not
aoorJMT oi iood «• Uutt of tho proaont di^» <teo to g}««tiy i»proinid ond
•tondinitlMd mt^mim for dotoraialfii «mIi irolaoo*
Umi riotilto of tlM oiitltor*o flrtt imrontlgotlefi oXooi^ H^im that
tiMi «Mr«iO poro dloMotor In o rotkwr llno»^r«iaodf oanooUlotod —diwn
4oero«iioo eoooi4orol»ly tnm tho ovoro^o for «MonM>U<lotod McHoy otatod
tor VatUng^^ to bo roti^Mr ono*fiftli of tho ovoro^ ^roin 4iaMOtor* Thla
oon bo boot oj^Xoiaod bf llw non unlfowdty ^f partlelo oiao oad vbopo^
tfao flno inda oltOy And by tho dogrto of UtbifloaticMi or oo!!«ntina
tmnA in oonooUdotoi «odio« It it oonoidorod W tbo oal^r tbot tbo
lottor oaorto tlio ^fvootoet offoot upon ovoro^o poro dioaotor sineo oo^^nt^
iat to aair OKtant toad* to rootrioty rodaoo and plttg tho port dhownoXi ot




'3ft «N<<» <>!ti¥'^-»?r?m>** ^»t«/*i"
QuAZ Sio*.
4bl#i%i.iUi «i«idi




r«q !• M»^«imMi to t^mm aJrtf Mil firs o7 ,&rys^ i^
U
19
»ii>»n arvrAi* «f2teisUv« pom diaawt«r wvi «mr«js» ^^rtln dlaamtmr t^r ttii
p<irUouuL*r ro««rYolr or amotion af th« ir«»onroir»
v«stl.;«Uon imiie«ttt tJbm% llMt vtdiM» (tf tlM Uwmav^mrmm eoiwtMii Iter
•Mitoli.a«t»l «»iilA !« «a^ hl;:h«r titttii tiM tmvi^ffmA vniiM of .^* By naif
of mmiplMf prmmm tlw mwm^iX^MUfd mmHwii U> \m oon>o—<t .^^oiiMrttiljr «f
•b«i^ p«irUel«» «h<»r« tho vaIam of tho Hi^o of oos^ftoo %o v^Hasrn t^tont^
2«Ay« it 7«0« It hoo iMMl prvri(m»ly ahmn thot S^^ • Z^Ay^t tHUig ••
o oolootion frott Pottho** Xf^ti ^tA, d « .uc^l eonUootor, K • •€03ii joror*
oad 2 «X45» It li »ooaibIt» i:gr roooiatloft of •VMitioB (k) of oooUoa IIX
of lido otu4;r» to ooivo for o volito of tbo iS#son;y«CofWKi •oaotoat In lAoa
of U»o voioo of $ norooJljLjr «Md» S^ it rooolfod oo 7/*0093 or 7^S«
Solvla^ for tte iirtrnowi ftoM^f^ConuMt oomtoni laijig ttao atoovo voIimo in
UK o<|ti«lloo «lvo« a vaiuo of i^roxluotoly 220« 0j ttoiiiis ooao of tho othor
ooto of voXiiMi for poiiihility, t3orooltgr« ond groia sLto fro« tbo 193^
4o%o to oelvo for tbm &9m^i^(T^'''mrmK» eonoitat in tho mmo warnior oo ioooribod
•bovo «(it«« voliiso for tho ootiotoftt in tiko ^-otwrai vloiaiiy of 22C^«rith
ooao irorl««LMO» Iho rooalto of «inll«r opfnUootioB of l>)itt]»*o 1918 doto
mirm not oo oontln^vo^ wlti) Um volnoo ohooing a amdei oilor variaUen^
JO to X07t for tho £o«o<ir<ar»>aii oonataot*
Ao in tho oooond ifiproitohf tho third ajHp^rootli to tbo problos aloo
ljMllo«itad that tbo lootfyCar—o oonatAfit for eonaoU:lat«4 aodla la wmh
hlgbor thoa $• 1% ham hooo provlooaly atatod in SooUao in of \>tA»
9%&isr tluit tbo al^o of Una I of Pl^oro % Ap|»onilix It, vaa O.OOOXC52 ana
oqolTaloBt to tbo ItawUon l/( £,/£«) « oboro k io tho Koaoaar**<^anMii
ooaotottt. Iff for oj»apiLo» it la a>;alii naioawi that t^t^ haa a vaino of
^i
-««(; %UKm^- mitntt j
t4iux.* *NH*I nAfmessar. £' itTa-r-. &% i»"*v«'. f'jiafi St^ifcjftii .*? wir.i, 4r.' .' i^j*-,'^"* « «.• i«v<a\»ii ^*vjMi
<ffrt J nfiJ -t
n
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1o 9miJfw • mhI r*\«''- ^'^'
20
7*0 r»r tliit wmSi^M, 1% is po«tibi« to mIv* for a wlm of other thun $
for tlM K^Mf^y^^Ai^ftftn OMtsttaafc* la %ial» t^tam^ th« 'raltMk mut rM«>lv»4 «»
i.9Ji» for tim <MMMi«aU JSiaot a «MkUl (l9vi«tlMi in th* drawing »f Uii» X
af eltlMr fl^^art t or } rMniItt In * 9h«!^« in tlm value of tli« ttiep* of
the lliM^ it xt*n be pnMi4«nB4 UMi this tmt 9mm%4 Uic iiff«r»nM l»
viduea for lti« /v9««iqM.)*r!«Mi eamuuait detenilMd tyr the two IvreeU^ietioat*
tlierefere, it wm aUo be pre«Me4 titfii in t)i» oeee of the 19)ii deie osed
%tm «ver»^« v^lae for Um immKy-Cmpmm ^numtmt ISmit euneeturt IwtMMiii
X94 «»<3 2^* llo tijsilsr r^coM* «»• Mfeii«inMl la tteHMif l\it%to*» 19|d 4*te«
I i ie beiieve-i tiMt the l!!>30 ^te vem not truly repre—wtotlf of tlie
f—fielr MMI aor wmm thir i» theweelvee eompXeta tniiB<>i ie pexvLi Kirov
i«il Mii^ ocmolailow>»
Vm foortib ipippootii te tiio prt^^Lm mm an ettooipt to ilMMr the
piiwaitr ftMBtl i>e «• * vMcUtela rotlior tteo » oenetmt fMtor m Uoa ef
« verieblo for the KoiiiiyC>r»en ooaototti •• shoea tqr tlio MBual and thir;!
lafvaat&g*ii«M»« Aa aE^lieatloB of tiie i93ii 4«t« to oeiiietioa (12) of part
XIX laisttaetoe tiuit the n of Um poswilt^ fimcUont |P, is epiMrartaataly
mfutX to d» 00 iotwnilaod fros tlie tloiM of ttia Xiae pXatto4 ia ngaro kt
<|^ioa<1ig 11 f idHi hi.;hor endl Xeoer variet&eae ia eoiai oeoeo* t^aoa tha
pm^tdtr f^mstieo ia on arbltrarsr oeXootLM W tha caHiorf it foxioao
tliot thii portiooiar f^moUon^ taaiiis on ox^o»OBtiaX» etmld bofa o v&Tiotf
of forae «ll of otidah aouXif alioa aoXvad anaorioaXlXt ;lvo oii!>ataRtlolly
llHi aaao iraiooa* |^ ooa ad^ta4 Iwaaoaa ef Ita aiaikXlaltr if f^r ao
•Ihar roaMci* AXIiiea«|jb tida aothe4 aliomi tli»t tlw isofaeit^ fttaetioa eta
ooXX bo « ^ftTiobXa faatar^ it ie beXiein»4 Umt tM oarlteof ^aoa aad 9raaa'^
«n^ atlwfa bava ooMiaeivaXy shooa tiiot tlw parealtr IVnatlaa
oonetant t^dXe the KoeoBoMSaraan oeaatent toeoea>i a vailobXa f^tor ia
"WTJ














n«iM«aj.4MMNl awdt>« S« •tttMjpt VM aid* in t^ho fourth ifrf'39ttig«tl(Mi to
Ifi ikU of tiMi «ttthor*t four ln'«««U^fttl«iiif it hMi bo#n ahovai
f«nulfttloM fi»vtvd trm tkm •tttdiM of wnwatell cffd poroM BtMllft 4»
set holi t.x«t In tlM euw of e(»isoliil«t»d pwratM »iitia» Hmmwmr, It «!««
h4ui b^isn Htmm ih*t f«r a 4iv«tt or p«rt&«ttiftF OMW»lt<Iittd par nw i^Mlt
foswcUony Um MplxlcAX f^rmtXfttloiit ai»pljr ^tuin tlt« norsial oanttants s>r«
tfMWfi! t* tlHM* viOaM Dfelati lit tlw «ite«ll.iiiy tu ib tiw «»«• of this
•Ui^ of th« mamoXiUt^^A Wm$t»^ flAtd Mad* Hi* •vi^soot iM* Mt
tirtMlitslvly prov* lAMtti^r ^bm pwwd^ AiaeUcm i^'^^oIkS hm a vmr^uhl* er
• «oa»taRt fMtor la p«i<«MihlUtgr» iifvaillr *^ $3«^a ti^a rtliitioiMhlp
fi»nMtl«tl«Mi> ilttoh iwm l»v«»U4ati4» «ad i«tH«y«li «Mt h» Mrrl^d ««%
alen,. thAW UaMi helhr* « •oatltwleii oac b« roKhtd as to «Sileh tbaosy
!• flotTMty fkXthottiglk «• jwBtdi<M»<i In tiM pfMM^lng; paratsraph praaaat
•9li«ata poinia to tha pavaaltj fVinctioa halajs a eoastaat foetor* It 1«
v«z7 pea»lhla that both tha paroal^ Amotiaa aart Ilia KaMQ(r«CanMW omi*





/£.J!^4lkbti&ALj4ilffi«>."» ;- *- ,. '^.-.m,-
'.[f''-'jirt»«f '..fw j». 1





ufj wfvmmmm "iririrr riiriwii r mw so 9itftA
J»» f«M.-,.;* «g 0^^ mmmm
-.^^ rymi imm ««nJSf4AMA
'• mam M M» 01 ft int«)«d mcMuC <«<m)» i,,ii«Xft
«2 i
tte fl«l<i of saMiU partlGl* stati{)tl«« and «M«u«MM»tt 1« •xt«»<»
siv«y OMqayUai audi r«I«tiv»X7 aBtetio«R« Pc»r th^aa r»«Bk»iui» th« sto^ of
pa^rtiela (ilK« In r«I*tl«a U» ptntMkliitjr and parosltr of P9rmm m»SiM i9^
of lt^a«lf» oxtARSiWy OMOpijUix ioi fwlAti'ii'^l^ wttBaimm$ «tp««l«Xlr la tibo
21
•••• of eonoolittetod fMiFoos aMtt.** ItM au'Htor ftj^rooo will) ^iiMlMt who
»fM%94, m «tt*9%0 $hot am WM of UMAX ]>»rtlol« otAtiatles •»} «M«ir»»
flWBta in ^lotomilBfttiono of ^mMtellit^ was io oiwuiiw and mwMioX^i th«t
!4)o pT«oo«iUj utllixad voIImkI* of «lotof«diilnt^ {PoiwoahiXl^ oni ^m-Milir
Hmt ^«M(i£)k 01^ oolhod tu^fli giiftiii iia* or it* attonioAt profwrtio* to
i^atamliia »i«i» Ho«wvtr« Hw aathor foola that It la aaaanUallj ito*
fiartaai to IniaiiaiinaJLir atuMlf tli* flald of ps^rtiela alaa la or^r to .^'ala
a titafoaiik knoaladi^ and anrtarataniiii^ of aacroaeofile fltdd fXaar la pataoa
aadia la ttia H^iht of ^nda al»a aaai 1^ attam^aat faaiom of paakiact
lUtiforsdtQr of alaa and «^>«i»at and tiatsraa of XlUdfLaaUoiit aU. of whloh
afXIaet llnld Hair In auoh «io<!lia«
Hifaafitt an intmal^ atti^tr of ttila natairay It la ^oaaibla Ikmt
aaaa 4iQr a f»r^i^aUon viil ba dtvalopad ahieh villi tmly hoi's uniar all
aaatit&aaa aiat in angr draaaatawaaa ^wra^ tlw lA^aletl pro;?artlaa of
paiwaatdlltyi paroalta^^ and $rala alaa «lth Ita mttmtdjmt ftetot^i aan hB
aaaaaiaftilly oarzwlatod* ilia foar aaihoda of ctorrelatiaB aapil afad la
lhl« ata^ wm tm mmA la a roatilotad <:!Eagroa aiwa appUad to tlM aaa-*
aaliiatad paraaa wMla of ^rtlatilar raaarvolra or of aoationa of tha
Faaarvalra wxkf after aoaaldaraibla yaaaai'ali ta datar^aa ibm ipfvpar
a^nstanta applieal&lo in fs^ch cs^m, in itm saaa vaitt^ tatA af aoMldarBMia
22
lataraatf la tim taathod aavalofMMI ^ ^fdar for aaldxt^ iwiWMabitllty
22
oi
. V «. ^






\mymXjspm^ t^nrnXm^ t«'?^od rndf for on* pju*tleul«r ••ndy iiliiak ««•• wtdy
tluvtttih « —rl09 of U* $• Stuo^tartj •i*v6««
JUMtlt«r pos«lU« lav»«l4g*UoB ^r aatiiody •ogg^at^d to, bat tt»*
trl«4 1^ Ui« ikutl)«rf w^ild bo to plot t^ ntmxliM of sIovIidi 4«t« fron
ft 90fm mmpim {pmr Oftiit bgr noi^^t of M.^l« throsflii ftni or ooo^i ooroon
tl»o) '^finmo tho anfiftjirttio Mrooa olio for th«t ^r oont tagr ii^li^W f)rmi
tho nMiiiltJni oorvOf ooXtot • *i^iiwotttftt?.V* ipor ooRt v'«i«M and iot«r-
4sin» tlio oorreopooHii^ «vora^ oorooB oino or faro—wmt ovoro^ gnlii
^liaotor* aoln^ ottooUon (2) of SooUoa III of thio ottt^r, ^tondao
«NLeli por oont fay «ilj^t vftltM and oorroip—Ainj oeroon oi«iO or prooaaotl
mrmm^ ^min oifto oaa &• utod to ootloiy tlio o^ttoUoii* «ad thou -lotonino
ilMllior or not tMa mmm por oont va^tto «•» ^ omkS in oooaootion oitb
oiX ooTO M^^lo ^tft fiPM ovroo i»ium fran tho oaoo for«atlen or oootloii
of tbo foraoUoo*
A mmmt^im of tiM xvinlta of thia otii^r ^ooa not rafloot tUm
orliiaal. paiyoao of tlio ttta^lr* It vaa tho4.;ht Uiai on oraXttOtioo oould
bo flia<lo of lito lii<!iorraloUan»hi|»o of tlio plbg^oBl |»roporU«o of poroo*
rookf poraaabl-Uty^ poroait^ and ^raiii olsOt oa vfoXX •• a OKyilflfNitloii of
oxlstda;^ farattl'^ttoMi oood to oxprooo thoao Im orroXfttioiiahipo of pNjrolQav
l»rof»orUoo« %* iioiiig 4otft fiwo idi^hiy oaaoaJU^fttotl 9orm» «0(tla« It wm
iMfMM iliat if ii aottfloatiofi ooro $lovol«po<1 fbr offacUvoly <i«praaalii| tho
latorrvXatlomdalp of por»o«biXlt3r« porooltgr« ^nd fr«dn oisoy It wmM tml4
MKlor any ^ro^awtanoaa a»^ ooft.iitlOQO for mas' typo «o41i»« oltliar son*
•oUL4ato4 or anooMMUdotoel* Hooofor, tlw oiniXaiitloa of grain olao
atttd^f U)o i«iarth of aufflciont audi aoe^orato datOi^ and tho app«ront non*











wi-'rm*- fe;«i4rTI3 1(0* '•^»«IU^
^aMiA 4«t« flMkdhl aiM^ «iiif^Miv9iit latpmetl^al siri li^^ssible.
It l0 b«JLL«irod tJh&t. th« nicuXyi of tbia stiidgr^ «lthoii|^ MMigar^
Ma eoBtrLbaui soao l«n«flt« in • to«tt«r iiftl«»taiidlag of ths problam*
Dm mtlo of po»^ voluaw to ,^r«in •!»• iiwwtor b«ui bo«B tlioiii to d^eraMU
Mfeodljr v^th an loerottto in ooiMintAtloa and a oorrMp«ndliig dMroca* in
$r*ltt •!%• «u^ M found in a oonsoli^atad p»ro«Hi aiodla likio tb» Bradford
third aaiMU Hia valna of tiia Sotot^Mi^arsaai} oenatant liaa hmaa abona to
i—
r
aaao to verj high valiioa in oonmli datod poroao aadl«« Ihls i« pmb*
•Mjr dot to tte XariiO inczvaao in vaioeo of ttto tortooaltgr fMter «liloh
^Moaoo gvoatAr as tho rook botoMt »or« oonsoliilatod booaiMO of aa In-
croaoo in Umi ofitoUvo longUi of flow path, Frobattlj tte teat ifl|>ortant
ootttHlmtioa of thia at^^ la tho mftUsatton of tha inpoY^taaao of Ite
JfaaaByn'rariai a^ifttlaB aad Ita «edlfioaUeBa «Immi a|>pkUad to ynMfo of
flMXd fUm throu^ pafowa aodiA. It ho3Uto «;s«at poaalblUt4aa« ittmk wth*
^% to Urn pro^r aedifioatlonp in i a i^plloation to atudiaa of thia
tjTpo and i^vaa proa&aa of ovantoiaX aolation of tha mttf prohliana of £Uid
flow atliX timing Uia potrola^ui ladtuatiy*
jr •d^ ttfjtf< *J(>iMK tBojim! " lMi<ftrii;hnir»ft m rti, bttmH. m iteMi •cii ttim














(limln &iwi f^ftHRMMbiUtr :'0r?>«i«af m CenaUMt •3^ S C(K/0}*
a (•«) K ^n«3^««} ^ im^ ••ft) («iA) jr icrS
.oa^a •ooos xo.a .00460 .0678 5.619 3.31
•009a .000$ 12,$ .Ofiiioo .0633 » 3.56
.oon *om 14»S •02340 .1530 • a.6o
*009li •0082 15^« .05190 .2278 « i2.ao
•0099 •0(^2 i3Ji .OOd95 .(^46 • 5.31
•0106 •(X39 16.6 •02320 .1523 « a.57
•0109 .0037 15.2 •02440 .1562 m s.7a
•OUO •C039 16»2 •02410 •1552 n 3.74
•OULO .0139 20.2 .06390 .2625 H- 14,75
•0121 •02i3 2X.6 .09670 .3142 9 17.60
•oiad •0166 22.7 •16100 • 22.^
•cast •0323 21.7 •14900 .3960 • 21.60
.013$ •0216 14.7 .01V70 .1330 m 7,47
•0139 .OOIT 15.0 .0U30 .1063 n 5.:?7
MKII»*« I93t» »U (£ 1« CaUoiAtii)
•OOft •OOQii lO^d .00370 .0601 S.619 3.42
•009t •OQIO U.5 •00900 •<^94 m 5.02
.0091 •0024 1U.5 •01^60 •uai m 7,23
•cMii •oim i5«a •0€t400 .1549 • 3.74
•0099 *<m$ 13^1 •01100 •1095 « 6^15
•0106 •ooliS i6.a •02030 .1037 « 9^20
•010? •0031 15*2 «0201|0 •lyn • 2.02
•OUO •ooUi 16«2 •02720 .164# • 9,26
•OUO •Ol54i 20.2 .07630 .2762 » 15^50
•OIU .0225 21.6 •10400 .3225 • 18.10
•ouzd •029S 22.7 Anso •3624 « 10.40
•0132 .0231 21^7 •10600 •3256 « ia^3G
•01J5 .0Qi6 14^7 •01770 •1330 • 7.46
.0139 ,0029 15^0 •01930 •1389 « 7^80
HittlM't 193i$ ^t* it X9 Exp«ilat&Ul)
•0041 •00278 13.3 .02090 •1446 5.619 3^12
«0Q42 •00047 12.1 .00389 •0624 3*50
•0042 •OOliU. 12.6 •01410 .1187 6.68
•0042 •00550 14.3 •03.^ •1;^ U«00
•0042 •O099L2 15.2 05980 •1^5 13^72
•00b4 .00534 14.3 •03740 .1934 10.86
•0047 •02751 1S.7 .17530 .4137 23.$0


































""71^ {«!' ' m \IT "r5^ , " m " m
WAm (Hftt g%m«thlUly p»rt«i^ 1 -i @!»Milfl« IM
d (««) t {-"jmNfim) / (f«p «tet)
.';09t MS3$ 10«l <,^n iii.70 108.6
.Qon ooc$ n.$ 375 15.^^1 10,170 108«6
•oQ9y *o^ ik*% 85S d.53 4980 207.4
^QQ9k •008s i5.a »8li2 it. 39 3700 106.)
.0099 •0012 13.it ,W» 10,56 7350 101.0
•0106 .oo» 16«d 3)8 ^•57 S970 fk^k
•OlD^ •oon 15.2 *m 6«ia 5160 91.8
•Olio •0039 1^3 .318 6.45 5610 91.0
•OUO •0139 to. 2 4^m )«81 431I1O 91#0
•oin *oa3 ai.6 »78k 3.18 3950 8t^T
*ai2a •0J66 tul n3 2.49 1290 78,1
.0132 •0K3 a«? ,783 2.59 32)0 75.8
.^135 •00t6 14.7 353 7.52 5825 74.1
.0139 •0017 15.0 .850 9.39 TlidO 71.9
nWk»*m X93k Atft (X it CftU<(ilJtt*d)
•CQJ« •OOOli 10,8 392 14>.li3 S960 108«6
•oon •OHIO ^•5 375 U.18 7175 108.6
.oon •ooi^ 14.5 355 7.77 5930 10T.4
0Oim •Oj33 iv.a »di»2 6*i45 5450 106.3
•CWf «0015 13«ii i8S6 9«ii6 6580 iai«o
•cao6 .0Gl»5 16,3 i3)8 ^•12 56)0 9Uft
•dlP9 •e^031 15.2 .813 7.00 5^ 9S1.8
•OUO •OOiili 16.2 ,3)8 8,07 5875 91.0
•DUO *aL5ii 20,2 798 3.62 4110 ^•0
•0121 ^n a«6 78i» 3.10 )a4o i2.7
.(,42d •Ci9t 22.7 »77) 2.76 5645 78a
.ii3a .can 21.7 .783 3.07 3^30 75.8
•0135 .Ck)26 U^*7 353 7.S2 5^25 74.1
*0139 .oca-^ 1$«0 3^ 7.19 5700 71.9
Aittftw't %93A ^t* it U iipMriMttta)
•OOlli •ootTi 13«) 867 6.91 Ii770 mMi
•ooiit .OOOliT 12,1 379 16,06 9960 2)8«0
•OOtit •OQl^il 12.3 372 ^M 5560 238.0
•00i«2 «oo$50 liul 357 SM mfi 23a^O
•OCMiS •oont 15.2 »8I3 4.08 3)00 233.0
•Ottib *00531i lii.3 357 5.18 nm 227.0
*om7 •08/51 liJ.7 .8U3 2.39 1000 212.5
















Bittk«*t t93k ^M^ it i« i^fitotaI )
fi) {«J W ^»I "-"rar
. ijl'Jndii £^lMi P»fiMitoili«r Hrmiitft r (l-#)
4 (««) fe i^^mm) $ ^P^T OM^t) X 1,013 5? ic
•OOft i^^^r 3l0.i •OOilS .7>5 5.911 176000
•OQft •0005 12.5 •00115 .765 5.» t!9oeo
•OOW •Wb IU.5 .0030J .731 39.30 &I3000
•OOMi •OOtt 153 .oom .706 99.tO $6^000
OOff •oo&t UJ^ •OOtlil. .7») VtM
•0106 •OOlf 16.9 •00)»7li 69t Tk.m MOOO
•0&09 .0037 15.2 .003$0 •710 MM 493000
•QUO •0019 i6«a •00MI5 .70t» 3a*ao
*ouo •OUf 20«2 •OOotii •63)i u$«oo 1310000
•Qiti •Otl3 a.6 .(ayoo7 .615 1^00 1660000
•OftM .0366 «.7 •ouao .597 a23«00 ioooQOo
•Ol)t •0321 11.7 •caflt3 .611} ld$,60 1695000
•oiH •0016 IU.7 •00»i •717 liN30 MiJOOO
•QW #0017 15*0 •0Qi3d .7»t d«IO tmf^H^Hr
MiMI»*» 1934 4fttft (I U oalMlatMi}
•oofi •0004 10«1 •0^36 .795 4.72 IMOO
•009t •OOM 12^5 •00195 •765 U«10 259000
•0093 •0114 14*5 •00305 •731 l7.io 423000
•OO9I1 •0036 15^1 •00394 .701 43*00 164000
•0099 •0015 13^4 ^^Qtkl .750 15*30 jmQQfi
•QI06 •0045 U.% •10494 •691 41»10 fillOOD




.0110 .0154 lO^l •634 111«10 I3IQOOO
•oia •0815 a.6 •01007 .615 154*00 1660000
•oua iOM 22^7 •OHIO 597 182,00 2000000
.09131 •OlSl a^7 •01013 .614 132*80 1695000
.0135 •0016 1U^7 •0031B •717 14^30 it43000
•0139 •0019 15.0 •00338 •722 15.00 474011
MKIIIM** 1931 6«t* (K U •xp»ilMiiUl}
•0041 •00171 13.3 .00135 .7^ 165*50 317000
•OOMI •00147 11»1 •C0177 •774 25^40 232000
•OObt •001^ u«d •oono •760 103*00 280000
•OOlit •oosio 14^3 .735 313*00 ^0309
•001^ •nm 15^2 •00351 .720 511*00 494080
•OOdU •00534 1U.3 .00292 .735 275*00 I1O3000
«00li7 •HW 15.7 •00317 .710 12li4*00 ^^^WWWP




































.0005 •009« 5.91 5.83 « ICT* 10*d
•00(^ •009i 5.9!l 5*33 12.5
MJk •0093 39»30 ^.70 1U^5
•ooit •0091* 92^dO ?1*60 I5^d
•0012 •0099 IZ,J& 12^03 lyji
•0019 •0M 3k.B0 3U.30 16^3
•0037 •0109 3X.20 30^75 15.2
•0039 •QUO 32*20 31.75 16.2
.0139 •QUO u$«oo U3.^ 20.2
•otl3 •OUl Xii6,00 liOi^OO 21.6
•0366 •0123 223*00 220.00 22.7
•0323 .0132 135.60 103.00 21.7
•oot6 •0135 1U.30 llulO m.7
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35
5«y»* wt»f Bto4M5| «f Mottitto, iu92» i^ib, '.^octiMMmi 3U» FpiT3?-5?S7
.^«M." a«ly«rslty of Itmm Sto;!!— in E«gr» Bull* ?. M«w &,^ rle« ^«
4» r-Uohtor^ '^hATlMi &«9 "tiMkorotioal Invosti^otlMi of ^ro HoUem of
Iftooad w«t»r»,« ;. f^, Jool» SiMrwy* 19^ Atmokl ^porU U99,
7. &ln..;^ Fk^otiaaif} H*^ «fricMdi|dbwi ina CiH^ilUont of ilio Movoaonto of
!• KoBOisgr^ <loooft ^Cwicomlfi^ Co^lJuUrjr Cor ---''.cm of ««t«r is tbo Soli
(i4oo» ioopii^ ood ^/oo in Inrl.,Atioo}9^
_;__* ^iSS^* SL*^* !&fil«»
M«^«-'^^arw tl X^ (Ali% llo)y |3|»» 27X*1Q0.
;'str««ssliiio ?loo of n^otor Ibrooijli Sanrt^** «four« Aa« Soior siorko A.»»oo»t
25^ 15^33, pp. I^5i-156$,
10* Oorooft^ ?• i:,p *yiiil(i FXoo Burou^h 'ir«QHX«r BMio«* '?ro«i > IS£t«_Chjn«
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A study of the interrelation of
porosity, permeability, and grain
size in a consolidated porous
medium.

